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Re: Voucher No. 10 for Contract NASr-83
Dear Dr. Morgan:

The following is our progress report for the period January 1,
' 1964 through March 31, 1964,

' Monkey Project

Since commencement of this research project, 2 sixty hour test
runs, 119 forty-eight hour test runs, 2 forty-two hour test runs and
2 twenty-four hour test runs have been made, and 28 of these orbits
were completed this quarter under standard environmental conditions
of medium white light and white noise. Orbit durations were as
follows: 3 of six hours, 2 of twenty-four hours, 2 of forty-two hours,
19 of forty-eight hours and 2 of sixty hours. The purpose of the six
hour orbits was calibration of the EEG equipment, and no problems were
presented. The distribution of the 28 orbits over the five senior
Nemestrina monkeys was as follows: NA-3, 4 orbits; NA-4, 8 orbits;
NA-5, 10 orbits; NA-6, 4 orbits; and NA-9, 2 orbits,

During this quarter the interpolated cue problem, which was
developed late in the last quarter and described in the January quar-
terly report, was used in orbit, In brief, this was a matching-from-
sample task in which the animal'!s responses produced first the sample
to be matched, then an unpredictable number of irrelevant cues similar
to the sample, and finally the pair of cues from which he was to select
the one like the sample. Initially, for each animal, half of the prob-
lems had no irrelevant cues and the other half, randomly determined,
just one irrelevant cue, Four of the animals are still at this level
of the problem averaging 70 to 85 percent correct (Figures 1, 2, 3,
and 4). The fifth monkey (NA-5) averaged over 90 percent correct
throughout a 60 hour orbit on the next level of the problem (o, 1, or
2 irrelevant cues), and will be given an additional irrelevant cue
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when the equipment arrives to program it (Figure 5). This is as com-
plicated as this problem will be made for the monkeys.

All of the monkeys learned the reversal problem this quarter,
and the reversals by session were replaced by mid-session reversals
for four of the monkeys (Figures 6, 7, 8, and 9), and by reversals
every six trials of a 24 problem session for NA-5 (Figure 10).

The matter of problem difficulty has now been settled with two
problems of variable difficulty, but it was clear that there was no
problem of this type which would be easy enough to permit great accuracy
at the beginning of a 48 hour orbit, and yet deteriorate under a regimen
of three 8 trial sessions per hour with rest in between. Therefore,
the number of sessions per hour was increased to four, and the number
of problems in each session tripled. Now the only parts of each hour
not devoted to problems were the three minute periods of EEG recording
before each of the four sessions. These periods were interrupted for
30 seconds mid-way by a buzzer, The orbits were extended to 60 hours.

To enforce this long and heavy work schedule, especially during
the low points of the diurnal cycle, the monkey had to be punished when
he failed to respond to the problems. A blast of air to the monkey's
face was tried first, but this was inadequate, so in the last eight
orbits the animals received 200 msec. of shock on one thigh whenever
they did not perform. Correct responses were still reinforced with
sugar pellets (Figure 11).

In this situation NA-5 showed a decrement over time in output on
the matohing-from-sample problem with the irrelevant cues (Figure 5),
and a deorement in accuracy on the reversal problem (Figure 10).

During this quarter environmental conditions were kept constant so
that we might develop a test program to give a reliable performance
decrement in output and accuracy over 48 to 60 hour orbits.

NA-L4 showed some decrement over time in both accuracy and output
on the matching problem (Figure 4). The only decrement on the reversal
occurred in output at the low points of the diurnal cycle (Figure 9).

A harder version of the reversal problem will be used in the next orbit

of this animal,

NA-3, NA-6, and NA-9 have been orbited very little this quarter
and had, at most, one exposure to shock. Their output in orbit has been
very low (Figures 1 to 3 and 6 to 8). The reason NA-6 and NA-9 have
been orbited so little has been the slow recovery of skin and periosteum
in the head plug area from a teflon plug, which was not tolerated, and
subsequents surgery to remove it. The teflon was used because it was



Dr. Winnie M. Morgan -3 . T TApril 15, 196k

certain not to affect the EEG, The new plugs are of vitallium as
earlier ones. This material is tolerated 80 well that the bone will
grow over it where the fit is exact., NA-3 was seldom selected for
orbits because of his consistently poor performance at the training
panel. Although his performance is somewhat better in orbit, he will
probably be retired next quarter, It is increasingly more apparent as
we progress with our primate testing that there is only a portion of a
primate colony capable of reliable performance, The other two low
output monkeys will be orbited as frequently as possible next quarter
in the hope that their output can be brought up to earlier high levels
in the same manner as the output of NA-4 was increased this quarter
(Figure 11).

Training of the five new Nemestrina monkeys, NA-10, NA-11, NA-12,
NA-13, and NA-1lk, was begun this quarter. All of these monkeys except
NA-14 adapted to the chairs and learned to operate the training panel.
NA~10 and NA-12 are now being trained to respond consistently to one of
two colors (simple discriminations), and NA-11 and NA-13 have mastered
this task and are now working at reversal problems with color cues,
NA-14 died shortly after his first chairing. Autopsy did not reveal
the cause of death, and this matter is being investigated further.

A test was made of the feasibility of surface electrodes to monitor
EEG's over a 48 hour period. Electrode paste was replaced twice daily
and good recordings were obtained throughout the orxrbit.

The alerting cues were discontinued this quarter because shock
prevented the animals from dozing through entire sets of problems and
thus eliminated the usefulness of alerting cues in the one 6 hour block
at the low point of the diurnal cycle where it was apparent last
quarter (Figure 12).

Chimpanzee Project

The chimpanzees were trained to operate the test panel without
restraint early in the quarter, and then adapted to the space chamber
and space chalr, The latter was modified to reduce the amount of lacera-
tion as they struggled. They now give only token resistance to chairing
and respond readily to the panel while in the chair,

Both chimpanzees have learned simple color discriminations and are
now working at reversal problems. Kenny has adjusted to reversals every
Lo trials, but Fletcher still refuses to change his choices and gets up-
set when the apparatus no longer vends banana pellets. The frequency
of the reversals will gradually be increased. It is planned that
eventually these animals will be given tick tack toe problems similar to
those used at UCLA, and work has begun on equipment for this project.
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Fletcher still has severe diarrhea almost continuously and has not
gained any weight., Kenny has gained weight, but has a heart murmur
which has been diagnosed as mitral stenosis. Work is continuing with
him on the assumption that the defect is congenital and will not
progress. Two more chimpanzees are slated to arrive next quarter.

Human Project

The two human problems mentioned in the last quarterly report have
been worked out in greater detail this quarter, and the wiring for the
human orbits is almost complete. Testing should begin in April, The
task in which the subject must select a given sequence of patterns out
of a larger sequence has been modified so that the sequence to be picked
out has five rather than four units. The other problem involves con-
current alternation of the correct member of three different sets of
symbols. Each of the three sets is presented before any set appears
again, so the subject must alternate his choices on the basis of what
he did three trials earlier,

A version of the tick tack toe problem planned for the chimpanzees
may also be tried on the human subjects.

EEG and Computer Reports

The EEG was recorded during all of the orbits; however, visual
analysis of records was confined to portions of the total EEG on any
orbit. There are several reasons for this, For some orbits the pro-
gram was increased to three trial sessions per hour, thus inoreasing
the length of the EEG record by 50 percent. The results of our computer
analysis suggested that the differences in the various frequency bands
were quantitative rather than qualitative and, although consistent,
were too small to be appreciated by the eye. In addition to this, we
have verified that the ink pen representation of the EEG bears little
resemblance to the brain activity detected by the amplifiers., We have
confirmed this by comparing the cathode ray oscilloscope pattern with
the written record. Further evidence is furnished by the reconversion
of our digitized EEG record to an analogue record using a Cal-Comp
plotter as the output of the computer. The reconstituted record matches
the oscilloscope trace, but only slightly resembles the ink written
record., All of the written records are stored, however, for future
reference, should the need arise.

We have four records that have a complete computer analysis for all
band widths from 1/2 to 50 cps. Since none of these animals showed a
deorement in their behavior during the simulated orbit, they will serve
for a base line study. We are trying various ways of graphically
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representing the results and some samples are included in this report.
With our zero crossings analysis we can account for 85 to 90 percent
of the activity, and the part that is lost must lie without the range
of our snalysisj that is, below 1/2 cps and above 50 cps,

Figure 15 shows the amount of 1/3 to 3 cps delta (& ) activity
during each trial for the 48 hour orbit. This pattern differs from
that in figures 22a and 22b which depicts the delta activity of another
animal during orbit. In the first case, there were 2 trial sessions
per hour and in the latter, 3 sessions per hour. At present the only
explanation for the difference in slow wave activity in these two orbits
is in consideration of the two known conditions that produce it
namely, sleep and movement. A predominance of delta activity in the
performance period would suggest movement as the source, whereas predomi-
nance during the preperformance period would suggest sleep as the source.

Figures 16 and 17 show the aotivity in the other band widthsj;
theta (8 ) 4 %o 7 cps., alpha (X ) 8 to 13 ops., beta 1 () 14 to 25
cps., beta 2 (Bz) 26 to 35 cps., and beta 3 ?9 5 36 to 50 cps.

Figure 18 shows the amount of the analogue record that is analyzed
by our computer program. The range varies from 80 to 95 percent.

Figures 19, 20, and 21 compare the frequency bands of the two
hemispheres. There is remarkable symmetry of the increase and decrease
of activity in any band from trial to trial during the entire orbit,

Figures 23a and 23b depict the theta activity (4 to 7 cps) during
the 3 trial per hour orbit, When these graphs are related to the per-
formance graphs (see figures 13 and 14), there is a definite increase
in the amount of theta activity in the high response output periods.
However, this amount did not show & definite decrement in the perform-
ance accuracy. We are analyzing the records of some orbits in which
there was a definite decrement in performance ability over the entire
period, and they will be reported in our next conmunication.

Biotelemetry Report

A telemetry link for the transmission of two signals employing two
geparate transmitters and two separate receivers is practical if the
system is arranged so as to prevent spurious interaction between the two
transmitters, as well as between the receivers; this was shown in our
progress report of November 10, 1963, If four or more signals have to
be transmitted a procedure employing multiplexing should be used for
reasons of economy as well as to prevent spurious interactions as
referred to above, the chances of which would increase with the number
of transmitters and receivers, In the following we report the progress
made with a 4 channel system as shown in figure 24,



Dr. Winnie M, Morgan ' -6~ April 15, 1964

Pre-amplifiers: The design of amplifiers for the recording of EEG
has to take into consideration the noise performance of transistors used
in the first two stages of amplification. Fischler and Frei (1), report
a noise voltage referred to input of 3 miocro-volt peak to peak (p.t.p.)
for their amplifiers with a 22 Kilo-ohm source resistance., Using a
Tektronix Type 122 low=~level amplifier and a Tektronix 502 Oscilloscope,
we found the noise voltage referred to input of our 4 Sem-Jacobson
(s.J.) pre-amplifiers with 22 kilo-ohm source resistance during an
observation period one second long, also to be 3 micro-volt p.t.p. A
second design objective is reduction in size., The S.J. units measure
3-1/2 x 7/8 x 3/# inches, and we are working toward a reduction in size
by at least a faotor 10. Most of our efforts during the next two or
three months will be directed toward the development of preamplifiers
using small package transistors (such as JEDEC outlines TO 50, uls, u5,
ull through u23, X16 and X17) having a noise performence better than or
equal to the above mentioned amplifiers.

Sub=-carrier Oscillators: The band width required for the transmission
of one EEG signal is approximately 50 c/s. We, therefore, selected the
IRIG bands, no's 8, 9, 10 and 11 with bandwidth of 45, 59, 81 and 110 c/s
respectively (band 8 being 5 c¢/s short of the required width)., The center
frequencies of these bands are 3000, 3900, 5400 and 7350 c/s respectively,
the nominal values of frequency deviation being + 7.5 percent of the
carrier frequenocy.

We constructed several subocarrier oscillators using the circuit
described by N.J. Lupu (2) which is particularly suited to our needs. The
following observations with this circuit, whioch is shown in our figure 25,
are reported:

The curves of figure 26 were obtained with a breadboard version of
this cirouit., The frequency (f) versus control current (i) curve with a
supply voltage (V_) of 18 volt is slightly concave when viewed from the
line £ = 800 c/s,s whereas, for a supply voltage of 12 volt the ourve is
slightly convex, The frequency difference between these two curves is
plotted on an expanded scale, We conclude that there is a value for the
supply voltage between 12 and 18 volts at which optimum linearity is
obtained.

The choice of miniature coupling capacitors for C,, Cz, C, turned
out to be critical. With tantalum capacitors (T.I. SCM-2)“no 3scillation
could be obtained at all. With Glenite ceramic capacitors (CT-10-102k),
oscillation was obtained over a frequency range half as wide as that
obtained with the breadboard circuit, Best results were obtained with
1500 Pico-farad Centra-Lab (CRL) ceramic disk capacitors. The circuit
with the CRL capacitors could accommodate all four IRIG bands mentioned
above by properly biasing the control current., This is illustrated in
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figure 27 where IRIG bands and corresponding ranges of control current
are indicated. A 2N1613 NPN Silicon transistor with very low I is
used in the common base configuration with a 10 kilo-ohm resistor in the
emitterloop to provide the control current. The pre-amplifier gain re-
gquired with this arrangement is approximately 1000, -

Construction: The components were placed between two cambric boards
with the leads protruding through holes in the boards (as in cord-wood
modules) providing a near optimum layout and density. This assembly was
then placed in a niche leaving only the top-side open, RIV Silastic

(a Dow Corning Room Temperature Vulcanizing silicone rubber) was then
poured into the niche so as to embed the components. After setting, the
cambric boards were removed and the appropriate leads soldered together.
The resulting subcarrier oscillator size was 1/2 x 1/2 x 1-5/8 inches.
We feel that the size of this unit may be reduced by a factor 4 or more
by further experimenting with components of smaller package but similar
characteristics. The pre-amplifier development is considered more urgent
however. Figure 27 shows the frequency versus control current for the
embedded unit. Curves before and after embedding differ only for fre-
quencies above 9000 c/s.

Transmitter: We plan to use a transmitter similar to the one mentioned
in our progress report of April 17, 1963.

Receiver: The Sherwood Model 3000 III F-M receiver will be used.
Telemetry band pass filterst UTC United Transformer Corporation (UTC)

telemetry band-pass filters TMN 3,0, TMN 3.9, TMN 5.4, and TMN 7.35 are
presently on order.

Demodulators: The demodulator circuit described by Harry Ludwig and
Carlos Schulz was assembled on bread-board and then tested. Excellent
results were obtained with this circuit and it was consequently adopted
for our system., In order to accommodate each of the four IRIG bands

(see figure 27), the value of only one wilim capacitor has to be adjusted
properly. The output filter was modified as our bandwidth requirements
are 0.5 to 50 c¢/s whereas Ludwig's design objective was D.C. to 3000 c/s.
Our requirements were met with only one UTC MO-50 inductor in the output
filter as compared to the two UTC MQA-1l4 inductors employed by Ludwig.

A second demodulator was assembled on a plugboard measuring 4.5 by 6.5
inches (Vector Electronic Company, Cat No 838A P.C, Plugboard) and
tested. Components for the construction of a total of four demodulator
circuits have been acquired,

Printed Circuit Boards: It is becoming apparent that in order to pro-
vide uniformity in construction, ease of testing, ease of servicing and to
improve reliability, printed circuit boards are required. With the book
"Printed and Integrated Circuitry" by T.D, Schlabach and D.XK. Rider,
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McGraw~Hill Book Company as a guide and using a Master Photo Layout Kit
(Kepro Type L-PL-200) and an Etched Circuit Lab Kit (Kepro Type L~505A-G)
to gain some practical experience, we are presently investigating the
feasibility of setting up a printed circuit board manufacturing capability
using photochemical techniques for the production of very small circuit
boards. The first results are very promising,

Hoping you will find this progress report adequate.

k

> D, Proctor, M.D.,
Chairman - Department of
Neurology and Psgychiatry

LDP/B
Enclosures

1., H. Fischler and E,H. Frei, "Subminiature Apparatus for Radio~
Telemetering of EEG Data', IEEE Transactions of Bio-iedical DBlectronics
Volume 10, Number 1, pp 29-36, January 1963.

2, N.Z. Lupu, "A Simple I'M Subcarrier Oscillator Suitable for
Physiological Telemetry". Proceeding of the IBLE Volume 51, Number 11,
pp 1621 & 1622, November 1963.

3, Harry Ludwig & Carlos Schulz, "Analog Digital Converter with Uni-
junction Transistors'"; Proceedings of the 1963 165 Annual Conference on
Engineering in Medicine and Biology, Baltimore, Maryland, November 1963,
pp 142 and 143,



hosl 1e HoBNW | * 9o

DAUN SN N9 TILMI0 YL O PAUN SWTIF0NS IRLE WH ‘Dadw ST 93/9MI ON
HOINM M SHUEL CIMOTIVON WOOHS daXl SBPI/oMO LOPTBOp ABIJUMIY Su9mPd AuONS
MMM v LTI 11830 40 SWPNROUd NP TRLEIMIRULNT [0 O) .y Ie o 8o TIA T wva!..._

MHvIled] 0 BEXCIE INOH -9

&h-£h Zh-LE €18 0g-s? h2-bt 81-¢1 21-L 9-0
+ 4 + + + + +

o ON

0
*
LV

- 0“
oo&
¢
o‘
L 3 8
AUrssvvd IVPwunNN
LOVNNOP 29Dk ny = ROUIWIDLAY
TRUPSID] WODUDY
TPV 24iNdLDCO
- 8\

D OUSibBliel 3P0 kNN 2 AJUINDY

e ittt o st

TIEIIR USEBWINN

Sws WQQOQQ Vﬁw g3L 704 3L \




P9bl 12 YWIBMY ‘N0 b
SN OO 9RO CBAVIOIYPLNI ON DPANN SNIFIG0Nd WML JAre) 094 SYM 92109 ON
MR M SWIEL OPMOTIOL MONS ANY SBIIOND ULIPFVOD QAPaaumed KIPMIng FUINL
WO M pT! L8YO dO SWeIWOIS NP GPLVIVITAUN) Mo B -l -39 gtﬁwolqu AL S

PNeiSn) 49 SN0 VYNON -9

Sh-Ch Th ~LE 2€-1g oE-SY -4 8/-¢r Z/-L 9-0
® 9 40
o
<40 ~.\
AV
A
n
a
+oh o
J
lvoq
+Q3
3
S5 84 BoSWNN Q
[ zoovaes—gesiany “TovIeLA > 1
OPLANPS PDId MPBWLIT:N :
I HuuwE — L0
léie i o i 1 o9/
e S

ﬂEOﬂ‘OQ& USU aa.LWr0d .!WL.?\




hobl 18 HWOWYN
‘PMNO PNUN FWN CAY PN DOIiLVINdURLEI ON PAMIN Sw91908g ML JI0M

‘SWIEONd Pl QL ANDISPY U IINTNYS YOI TPNSINTY (veP @ LA LON SUM WIINY

SIKL ‘I LIS¥O 20 SWHWOFR] SNy CILMIGWRIN/ NO |-y 0 ONwWIoIZd 'c el
BYILSR) 20 BNOIE INOM -G
&h-£h zh -LL 2€-1¢ of 5T b4t 8-l 2!-L 7-0
0P14160.10¥ WPRWDY T°
joamossse os ORI FIOUIRY s
e I e = T i
L X-Y4
+ or
l', 0% ad
)
(2
®
e
vﬁb
+ocy

ﬂSSIOQQ viuv QUL‘QQQ\QWN§H




9,
frop] 18 NOINW -omwo ondN 44 oMW NP

OPau I8 FPI M q.i PONN SWIIMOBND KL IWHN LT TNOM -09 POV SYm INOWI  ON
H2MW W SIIBL aPMoTIOd AO0NS goy SPIIGND IOTIN0Y OSdIueY SL97717d VUINS NIHM

(@ $TI LIWO IO SWHION VNP OUVI0I VN N -y Davwaosvyl 4 I
SNILSBL 0 SK0IF TN -9
07-5.5 hs ma‘ 8h-Sh Th-LL 2¢-1c oL -ST hZ-6/ 8/-¢1 L %9-0

J.Nﬂavad

,_
CoLNPSTYY TORMAY \

—rmes5sESEERA THOUN LN/ 4ob,.
VLS oy POENNE o 4ngin0 )

obl \I‘GML.Q T 1T d
OCLULTDLLE TSE Ui R 3 AywININ
Z5VP0) PP .

=00/

Sw? ucu& £1/) y, d5.L070d 93LN \



[
P obl 18 WA ‘oML SNYH QUL -BMO ANV ‘9NO AWM Okl 30 ‘M)

@rivmadyelini ON PNUM SWwNVQ¥d INL 0 oVIL-N0 LISDO TMOM -CO9 ‘Boww Sym P2IoND
O HIIMM p SWIBL TPMIOII03 XPOHS onv SWIOND LOFTVITY QPITUMIY ZLPITH AGINS
Hovm pt 9] LISNO SO SWeIFCsd Ny ORL¥IOIFUN NO S-¥N¥ IO oyt ¥03T3A m sANG E

PNWILSRL O SAONG ANON -9

09-5S hS ~b4 Eh-¢h Zh-LE 9E-It (I £318 pr-6; Si1-¢i 2L

"
L4 L]

4+ R
OV LIVPIIOd TUBWRN
~XTeywes  woewss v b e I
GALNTSIYY FORWNE , 4
~Sigwiiiv Teawnig = TV4™ ,
TRLAVLTLIY SIRNNMA Lo uTIINY
FHVD UPOWEN
ot TIOWT Lo o
8
<
- ow
- o”

Sw vuﬂoq& wa% as.Lt420gP5L !s



hebi It KoRew

‘MOIESIE  HIUL ~hT NIUS NI AUM-QIK  FUSIINIY IOUW S¥M PP
ON NN a1 SWIAL CHUOTIO] NIWNS ONY SIOMNID LI0WXI) AedIUmdd SLe®)bgd aIudIns
NomHm mf L] LA IO SWIIPOFS IWS5AIN MO §-HAY 40O uua!euomumn\ @ umauw.

owtlLsS2l 40 €S¥5078 ATOM -Q

8h-Ch Zh -Le 2€-I1E o€-st hZ-41 YRR+ Z/~t 9-0
SPRLAPOTFY TS T°
[ hed By OLLINNII
—LTIC e e = ORI
T BLOOTSNd TPy 9
R L ™ ATmedno
Oty _ReTuPN - Aopandy
1953, ok T
! Bv)
(1)
)
! ~
oh e
a
] ~
- °¢
- ON
.%00\

Sw SQOQQ utnuwamQ




k2obl Iz WowWW
‘MOISSDS WL -pE NP N AuMm -@lUl  INSEIORY ‘PO SKT? 9IIO0NJ
ON NINM W SINIFL TVMIPIIO) XNIONE asy SOIIONy LIUIOP dIOXANMIY si9179d
WOONS HINMI W Pl LIBIO IO SWDITOFS WEFINIY MO g -y do Dowwwdoidyd [, sanwi4

SwLSRL 30 SN078 aIMoM -9

Bh-%th Th-LE 9L ~IE 0E-5 hZ-4&y gl-£t zl-L 2-Q

—( - ! >

@ —&-

o
..LW???‘S’d

- OQ
RSO Y w9
r Hv’ﬁlﬂ.ﬂﬂ.‘fn" sEOUINEILA
aPLNIB2V g WOR NIV
iy SRTEy * 49440
QUUINDLIY TIBWTH s AwnIsy o/
I>va 0y SPouInn T°

‘S ESnOu&. 2SN u



hob1 1€ HOWW

‘/hOrTE3s TwIgd Pl NI s AVMD -0l
FWIESrPY ‘SiuPIEOPd PN QL CONOISFY OL SPIN WA YOI CINSINDG [P9F LA JAoON

SuN wwiny  SlY) ‘SWPIBOWY WwSIDAY 1] L1890 MO b -y} 40 PIvewIOIF3H ‘g sanv.y
. DwWILSP) 40 8A207g INON-0)
th-Eh ZTh-LE 2€-1€ 0¢-St hZ-61 81-¢l zl-L -0
oRLOWVEINS  VORWNN +0
“Izerses weawuA NOUSYIRIAI
OR2.mE0Td VOO HN
TrASLV SRt T AW |
Oblesii it YSOWRNS AdvamIoYy
LIPBA6Y VW BN
oY
|
livo*
&
®
| O
o
z
|
1-00
4ag
+ o0/

Swee ou& szuwau&



1]
12 wosu
w0 bl cOISSPS

I RL NS NINR i AP0l  P3EFNIXN  LIBIO TNOMH -OF ‘Sowlld SUuM II0NP
O NUn? N SIWIAL 09meI0d DOONS  anvW  SIONND LODEIO9 TégavmIYy SL3d
JuPwg hamm ANl BB LIGHIO IO SWIIEW IISIHNIY (O p-p IO Bht&unuqm\\\ ‘b #ame 14

PN/LER) Jo SAING INOH -9

0%-55 hS-64 PR 4 -LE °L-/¢ 0¢-57 rP2Z-6/ 8/-¢/ z/~L %0
nto
W/
QUNMIIN wrewRy )\
IoFre; seewaa psunsus [y |
MOSOIE OB W TN / \ +22
LIy B SATOe [ ./
ey DiseTY, i '
355 5% 3 Awmmnan \\ \ |
‘vo}
Ay
i I
n
[}
'3
T ©°
L
+ QR
L:QAJ“@ 4 ooy

QEQJQO‘QQ JQ&QW:QW



¢ N
hob! is W ‘Smworgape iFL =HE e ™ st idlL

xS AvPNn® WSwIspY LI1BVYO ENHOH -0Q9 Povw gHMm MIOND ON Wothm !
SIGIAL OIMOII0E MNDOHS ONY BIJIOND ULoVBUO? QI0AVMIY SLP1194 TYUINS
N2IHM (1 9@l LIFE0 HO SWwIIFOYJ TIHSHINIF MO S-Yy Jp NS WI03IRA o) uudw_n_..

DPW/LSPL 30 EBA207€ ANOH -9

09-58 hi-¢h  Sp-cs 2h~Lf 9¢- 1€ of-sT h2-6/ 8/-€r z/~L 9-o
- O
ow.....,cu.ﬂhllhnl a.e.{ .o.m.l..u.tm«.-wmﬂ..ﬂh 3 NOILDU WL |
OOL OO Ve RWNTAN
~EISRATIY Scuow > Lmesme
Toa0c5 PG AA
o
loh N
h 0
n
r 3
I |
- 00
+a8
o
| o 3
- n SR

QQWQOOQQ. JE@Q@:U&



‘AOONS A8 AUMINOISINE OWY O8I 11830 (] W¥d SN U LSE?¥ WY NV AS OPASIODY Fa3
OOt 85 U SAN NS BN LIQWO MM SNIN 19O, wmmirst, AS FUSTVIILY] STPW  SIO/ASS ISRF

W OISSIE UM/ ‘P Pb! NV ~ARUNUL —ORLIIIWOP N  SUEIO ML O SitOM hE A5VIS
WL POINT FWRIBONS PND ARIVICAIUN ANV FWSWINIY (WO h- 39 IPILinO wnao\nm& H—” w!SE

m.r.uuo .v:.mmwuo.:.w

1SHIEY
MIOHS HIOHS MI0HS wiy yF22ngl
m..N- .M.M_ A ottt gu hit b ot [0/
pon1 18 woRvW . TO

a3.LdwolLL U swy 79°Ud LNI2Y ad :

g- OQ\ 3

.r.am .r.aQ



A267 g WOISYW

'S3Mn ONILYITH ONodSFS Of ¥ € ‘O A9 63031234 S~volsszs W3Ireoud N

3IDAD MNWAANIA MIZHL 2O INICOS 07 L oNI20d SAIMNNOW 40 LNJLDO wwzomwum

INILSF| 3O mv«uOdmw V\DO\..\l.w

of-sr hr-6/ T gr-er o¢-sT pT-b¢
SAINNOW 4 SASNNOUL _S
SNOISS 35 TIvL-HT SNorsSIS 14/¥L-3 Toh -
o pebl 81 WOYUL £961 ‘2Y ¥30W3>30
, ‘
Y ow
{09
. 4
anodseat oz s9n 7t ONedsTH ot un Ty
¥af ¥OoHS ‘538 w oot o
v/ S
&
.v&
®--0 38 INILA3ITY 338 Of
—8 951 ONILYIY 23S €
0—Q 302 ONILYIW 338 O 4o

1nd 10O

asuodsaé[ YI00 S[814) Judda3




‘hopl lg oy

TWONS O :
ngnelsﬁavnwbtao\g\:ﬁ.?t‘,wo SQQEQOtqu .m: wwa.wﬁ.

‘F¢/ L9WO
DNIUSRL 20 BAD07 UNON-9

gh-h 2h-LE %€ -1f " 0g-St b2 -4l 8 -t 2l-t 9-0
- ov
, o P
‘E“ﬂ.-ll g.."“? 280 ) , -.
: T0S
TPLMOSPYd DOPBUMNY i
SIILhiiy Siewem > tMEAN0 !
o'.”.‘nu'rrﬂ '“‘.'Eﬂg s 7"“""0‘ ss
o
+ O
N
"
2
l_
.rbh
t o
- 0%

‘Sweny ou& usas :UN




®

»

ER LD WOYBW
‘wWooHS o©oFN
‘EOIZEIE WG OFE WKL WU WMLYT  (YPRMLANG  97/1S  ITIMT  BIeSHRASY
Homm f BOl LiEQ 20 SIIGOXS WWWSEDARY MO S-FY =20 vavwrod 234 fr| FAND/ 4
Pr/iB8RL IO 530 BN -G
Ah-€h Zh 18 H-1E o8-8 hT-47 &7 ~C¢ ZI-t 9-0
405"
FPLYeSNd BOrOWHN
L20Wwoy Petienay 2 WOIMNDILV] 9
RALIPEOUY PRSI TO
Origcosry HhRwna * LA74LN0
ORAdIMaL Ly DB M
~TEssstiEowe S AVITY
lor PO
[,
o
m
e
l_
4 al
...Qb
L. X4
-

R 17 -pl) oﬂ&_ 18339 :.UW



L PYTTTTETT VT . - SO

|

# ST IHODIA

es

%

ey

vV /A
/|
e
Y

=4

12 SENRY

4%
\

82

YV

4444
v

V

VY

4
"4
V.
v
4
V.
4
T
o

7
Y
Y
4

pe

V)
“

V'V

%4
/
4
V.
v,
444
v

N \ 9

'

VY Y,

V"4
V%4
v

'y
474747474

/Y

V447474
44

4474
©

s

444444494444
VYV,
VYV
444

V'V
s
44
v
.

44
/
v

P




oT TENDIA

Pon

~J

)

a4

"gj

2l

v

2"

2

¥2

8e

2%

o2

PN
p—

vii

N\
\

N

2l

NNN
NN
NN NN
NN

N

NN

NS
N
NSNS
NN NN
NSNS
NN
NS
NN
NN
NN
NS
NN

+ ®

NONNN
NSNS
NNNN
o N NNN
NN N NN
NN
NS
NNS
RN
N

NS

o ks . i

o T

el

H -

91

o

]




1

!

LT d40914

L

N

N

NN

A
(NN

-ﬁ o *’c, O 9q

—

ran
=

)\

)

9

T

S
N Y

N\
<

N

NN
NN
N\ N
NN
NN
N

N

-

K
N
NN
NN
N
N
NN
NN
NNN
AN
NN
NN

NN

AN
N
NN
NN
NNNN
N
NN
N

NN

®

?U
9

v o

o <

2!
91




T~

gT TENOHLI

-

2b
88

$9

NN

oL

09

93

NN

o

NN

NN

v

4
v

V)
%
s

0P

VvV VY,

1/

oS

a4

4%

09

oL

_k

11

R




.

A |
A 4

ve
8%
¥
09
9s
25

NN

NN

8b

NN NN
NN N

N NN
NNN

b

P ot €

NN

NN

NN N

N

NN
NN

N NN
NN
AR

(23

NN
NN

NN

9e

INNNNN

N
NN
NN

b2

NNNN
NN
N

SN NN

NN
NN
NN

N NN
DN

SNNNNN
NN
NN
NN

%

NN NNNN

NN NNNNNN

NN
NN NNN
NN

NN

N

NN

N

el

NN NNNNNNNNRNNN

NNNN

NONNNN N
NN
NONNNNN
NN

T

NN

Pl

2/
'1'./
Y/,
'Y/

paba

1 LS
Y/,

pL.s
LA/

VXL,

YA/ /
YA/
AL LA,

(4]

AN A/

L/
POV

1/

poo.Y.
AL LSS

999/

I 099I9Y.

AL

AL/

21
o2

N AAAAAASL
Y Y VXX I/

paba

V,

VOO0 VP00V

A/

¥e
8e

ke
®©

.09,

RN

ob

- 4
=S

25

el

»”

. 6T TENDII

IR EE RN

P1ld




L1

82
&4

T

_

o

SNONN N

2l

v

/]

1/

paW4

at

o2

ve

| %0V

Uy

92

e

NN

N

N

A

\|
NN N

44
V

‘-

'/

/7

Y/

9

o2

)

—

K
:

02 TaNoLd

PR T N N N N S I N




91

el

*

Y,
Y
Y

VvV
474"
44

V)
444
V4 474"4'4
44

47474444

el

an

o2

~

el

Loeet”

<+ ©

/
4%
44

‘-

4

2l

%

9i

HE

NN
NN

VY
4

*‘() + oY

VY

4 94R N
VY71 BN\
Y

VYV

/

V7Y
4’44
V4’4"

A/
PP

/V

s

¢ I91L




89

-1¥?

“log

T

—9¢

SR

L8 ‘.i

a8

NNNNRNTSSSSY

1]

NN

A

NN

N

N

NN

(NN

44
o
2€
2€
92
pe
o¢c
2N
2l

v,
/7,
Y/,
4
4%

/Y
4

Vi VY

V’444
4

44
8844
Y,

4

© +

12!
7!
oe
b2

2182

LT

oy
Nod

=

2
%
0}
b
8%
s
x! 19g
fHo9
b9



T T

I rrAliot: 1) K

P
b

~0
ni\n

L]

N,

NN

o

4+

)

VaV4

</

it

11




e e

BEZ TUNDHIA

L |

NN

NN

N
NN,
NN

NN

NN
NAN

NAAAN
NAN

NN

NN
NN

NAAMANANAN
NANDNAMNN

NI

b2

NOSOAAMNND
N

NN
N

NARNNN
N

NAINANNN

NN
NMNANAN

N

NINNANND
N
NN

NN

NI

NANNNN]
NN
NAN

NN

NN
AN
N
NN
AN
AN
NN

avi

B

[4)

2

h N

02

&4

g2




_______a_.f.uﬂ
' agz munory o
lﬂu —
[4
i
\9
Bt
w 15 |
[y
Vavi
/4
P waravavi
4 =
P RNNN
2 N
“
w ]
L 4
Vil
?| =
Pagrars "
SR EENEER NN _F |




‘wo3sfs LrijeweTes WJI-WJ SurxerdrzIum Lousmbexy Tewusyy Inog °hz *Itg

SIS3TTS
jx0dsx - W,
8TUL ada

9 Tepol
8881

¢°L

A —

16

III 000¢
pooMIaYS

0°¢

PO3BOTPUT
I9qU30

SI038T 109717

J9pI0oay npoumaq

ssedpueg

IeATaooy

¢9-L1-4
Jo
rx0dax
gxodey STUg
6¢e°lL

jusm

doTeasp
Japup

e s

6°¢

0°¢

Pe3BOTPUT
*bexy xejusp
SIO}BITTOSQ

J844TUSUBIY JIeTIIBOQNG

SISTJITT

due
-3XJ




*3TNOITO IO3BTTIOSO IDTIXBO-QNG

G2°3Td

<
o r -
, N—ﬂ %Nooﬁo NV 002V¥0
A \ Y Vv
2gH NM 2aH 90LKZ
v mL Ly0°0 \_
I | I T _
|| < 1% 1
% AMM;_SO.o 2
X ozz X 022 o1 W T
( +




Fig. 25 ~Sub-carrier osecillator frequency versus control current.
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- Fig. 27 ©Sub-carrier oscillator frequency versus control ot ient
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